NCI-H292 mucoepidermoid carcinoma cells from human lungs were shown in an earlier report to be a fully adequate substitute for primary rhesus monkey kidney (MK) cells for the isolation and propagation of the human paramyxoviruses. Although sensitivity for ortho-and paramyxoviruses was the principal reason for using MK cells, the cells were also sensitive to many other viruses, which constituted another important value of MK cells. That MK cells supported the initial isolation and growth of so many respiratory viruses made it a mandatory cell type for any clinical laboratory. We therefore felt it was imperative to evaluate the virus spectrum of NCI-H292 cells, which are being used as a substitute for MK cells in many laboratories. In the present report, we show that NCI-H292 cells are sensitive for vaccinia virus, herpes simplex virus, adenoviruses, BK polyomavirus, reoviruses, measles virus, respiratory syncytial virus, some strains of influenza virus type A, most enteroviruses, and rhinoviruses, in addition to the parainfluenza and mumps viruses originally reported. Furthermore, these viruses replicate in NCI-H292 cells to the same virus and antigen titers and at the same speed of replication as they do in their usually preferred cells. The NCI-H292 cells are therefore an excellent substitute for MK cells in terms of laboratory safety, ease of availability, paramyxovirus isolation, and broad virus spectrum but cannot substitute for MK cells for the isolation of influenza viruses.
NCI-H292 cells are a continuous line of mucoepidermoid cells derived from a human lung carcinoma during studies of enzyme deficiencies in squamous cell cancers (3, 4) . We have recently established that these cells are an excellent substitute for primary rhesus monkey kidney (MK) cells for the isolation and propagation of all the human paramyxoviruses, including parainfluenza virus type 4 and mumps virus (5) . Since MK cells were also highly useful for the isolation of many other respiratory and enteric viruses, we felt it was important to determine whether the H292 cells would have a similarly broad virus spectrum. We therefore carried out a retrospective study in which prototype and wild strains of other viruses were grown in H292 cells and a prospective study with two clinical laboratories in order to establish the virus spectrum of this new cell line. In the present report, we describe these studies and show that the H292 cells are sensitive to a broad range of viruses likely to be encountered in the clinical virology laboratory. (Cell Culture Laboratory, Detroit Medical Center, Detroit, Mich.). The cells are also checked for mycoplasma contamination twice a year by culture, DNA staining, and the MycoTect kit (189-5672; GIBCO/Life Technologies, Grand Island, N.Y.). Cells were grown (about 4 days) under RPMI-1640 medium with glutamine (320-1875PJ; GIBCO Laboratories, Life Technologies, Inc., Gaithersburg, Md.) containing penicillin and streptomycin (GIBCO 600-5140PG) and 10% fetal bovine serum . When the cells were 70 to 80% confluent, the growth medium was decanted and the monolayers were washed once with 1 ml of fresh maintenance medium, RPMI 1640-glutamine with added antibiotics and 1.5 ,ug of type IX crystallized porcine trypsin (T-0134; Sigma Chemical Co., St. Louis, Mo.) per ml. (The trypsin was kept stored in concentrated form at -80°C.) A specimen or sample volume of 0.3 ml was inoculated onto each monolayer "dry" and adsorbed for 1 h at an ambient temperature in a stationary position. Next, 1 ml of fresh maintenance medium was added per tube, and the cultures were incubated at 36°C on a roller drum, as these conditions had been shown to be optimal for recovering paramyxoviruses (5 NCI-H292 cultures were observed for cytopathology (CPE) every other day for 2 weeks. If CPE negative, the cultures were then subpassaged by scraping the cell sheet, aspirating to break up clumps, and transferring 0.3 ml of the supernatant-cell mixture to each of two fresh monolayers. If CPE positive, the cultures were frozen at -80°C at the time 4 + (maximum) CPE was reached, and the cultures were then subpassaged as described above. The inoculum cultures were then immediately frozen at -80°C until all subculturing was complete and the sequential passages could be tested simultaneously. Four sequential cultures were made for all viruses; an additional two subcultures were made for viruses with little evident CPE in the first four passages. CPE was recorded for both type and intensity and was the primary indication of viral growth.
MATERIALS AND METHODS
Additional tests were done to quantitate viral replication. Vaccinia virus was measured by EM and by HA with chicken erythrocytes at ambient temperature. The herpesviruses were observed by EM and quantitated by virus infectivity titers in HLF cell cultures or by IFA. Adenoviruses were determined by TR-FIA and by HA tests with monkey, rat, human, and guinea pig erythrocytes at 37°C (9, 12, 13) .
Simian virus 40 (SV-40) was sought by EM, BK virus was measured by HA with human 0 cells at 4°C, and parvovirus B19 and rotaviruses were determined by EIA. Reoviruses were observed by EM and quantitated by HA tests with human 0 cells at an ambient temperature. Coronaviruses were tested by EIA and TR-FIA (9) . Paramyxoviruses (except RSV) and orthomyxoviruses were detected by hemadsorption (HAd) with guinea pig erythrocytes (or with vervet monkey erythrocytes for measles virus) and were quantitated by HA, EIA, and TR-FIA (5, 11, 13) . Enteroviruses and rhinoviruses were titrated for infectivity in HLF, RD, or HEK cell cultures or in suckling mouse brain cultures. Photomicrography. Fresh cultures of NCI-H292 cells in new glass tubes were infected with multiplicities of infection of 0.1 of various viruses to characterize their CPE. The multiplicities of infection were calculated from the growth of each virus in its optimal culture system. The infected monolayers were photographed daily under inverted phase-contrast microscopy (Axiovert 35; Carl Zeiss, Inc., Thornwood, N.Y.) at a 100x magnification.
RESULTS
Retrospective study. Isolates representing all the viruses usually recovered from respiratory and conjunctival specimens, and further representing a wide temporal and geographic distribution, were obtained from our nitrogen storage repository and passaged directly into H292 cells. Additional isolates that were associated with gastroenteritis, urinary tract disease, or venereal disease were included. All were inoculated into freshly rinsed H292 tubes and maintained as described above. It was not practical to lower the temperature for certain virus groups (influenza virus, rhino-VOL. 31, 1993 on August 14, 2017 by guest http://jcm.asm.org/ Downloaded from virus, and coronavirus), to duplicate the cultures in stationary position for viruses which do not require rolling (adenovirus, reovirus, and herpesvirus), or to modify the medium by omitting trypsin and adding 0.4% calf serum (adenovirus types 40 and 41), 2% serum (most groups), or 5% serum (coronavirus). All viruses were subpassaged biweekly for a minimum of four passages. Each passage was frozen back immediately after subculturing, and all passages of each virus were then simultaneously tested for virus quantity as described above.
The results are listed in Table 1 . Positive viral growth meant that the quantitation test showed an increase in viral antigen or infectious virus titer between the first and last passages, generally seen as a gradual increase for the first two or three passages with a leveling off thereafter. Conversely, lack of viral replication was seen as a diluting out effect, with the antigen or virus titer decreasing to undetectable levels by the fifth passage. CPE was carefully recorded throughout the passaging but was not used as a definitive indicator of viral replication.
Many viruses grew in the first passage and with CPEs typical of those viruses. Vaccinia virus caused a rapid degeneration of the monolayer with positive EM and HA results after 3 or 4 days of incubation. HSV types 1 and 2 (HSV-1 and -2) grew equally fast (1 to 3 days) and with CPE characterized by early cytoplasmic granulation; progression to enlarged, rounded, and refractile cells indistinguishable from those in adenovirus CPE; and finally, lytic degeneration (Fig. 1A) . The formation of fused, multinucleated giant cells (polykaryocytes) sometimes seen with HLF and Vero cells was rarely observed with H292 cells. CMV and VZV did not grow in H292, although most CMV inocula caused cytopathic changes in early passages.
All 47 known serotypes of the human adenoviruses grew well in H292 cells, including the fastidious enteric serotypes 40 and 41. The adenoviruses generally produced typical CPE with large, rounded, refractile cells, often in clusters (Fig.  1B) . The descriptive CPE was practically identical to that of HSV, but the speed of replication was a useful distinguishing property (1 to 3 days for HSV-1 and -2 versus 3 to 10 days for adenoviruses). Observing the typical CPE depended on frequent reading, because the cultures deteriorated rapidly upon reaching 3+ CPE, and the cells then came off the glass and degenerated.
Polyomavirus SV-40, a frequent adventitious agent in primary rhesus monkey kidney cells, failed to replicate in H292 cells, but the human BK virus did replicate with a slow, degenerative CPE like that in HEK cells. H292 cultures of BK virus that were allowed to progress to 4+ CPE possessed HA titers comparable to those in HEK cultures. Parvovirus B19 failed to be recovered from blood samples, and rotaviruses were not isolated from stool specimens; these agents are difficult to grow in any cell system.
The human reoviruses did replicate well in H292 cells, producing typical degenerative CPE and HA titers during the second passage. The human respiratory coronaviruses, on the other hand, did not replicate in H292 cells even in the presence of medium 199 with 5% fetal bovine serum, which was attempted in parallel with the routine H292 culturing because a fortified maintenance medium had been found to be essential for the growth of 229E in HLF cells (9) .
Parainfluenzavirus types 1 to 4 and mumps viruses were recovered 100% on the basis of hemadsorption, HA, and TR-FIA, and many strains produced CPE characterized by rounding, shrinking, degeneration, and/or irregular syncytia (Fig. 1C) . The variations of parainfluenzavirus CPE de- scribed in the previous report (5) were also observed here: minimal rounding and cell destruction (types 1 and 4); dark, granular, irregular syncytia (type 2); elongated cells, some syncytia, and disintegration (type 3); and some syncytial CPE with degeneration (mumps virus). These viruses were included in this study both to verify the continued sensitivity of the H292 cells and because these viruses were likely to be isolated during the prospective study. Of particular interest was the failure of two strains of simian parainfluenza 2 (SV-5 and SV-41) to replicate in the H292 cells; only one SV-5 isolate did grow.
Laboratory strains of measles virus (Edmonston, Edmonston-like, and LA) were grown with little difficulty, producing spindle cells and some fused, multinucleate, giant cells. But the typical measles virus syncytia were less evident than in Vero cells, and the HA titers with vervet monkey erythrocytes were somewhat lower than those obtained in other cultures.
Both subgroups of RSV were recovered in H292 cells, with typical syncytial CPE followed by destruction of the monolayer (Fig. 1D) .
Influenza virus strains from 1974 to 1990, passaged directly into H292 cells from frozen storage, did not grow, except for one isolate of AlTaiwan/1/86-like virus and three isolates of A/South Carolina/6/88-like virus, both HlNl strains, and A/Shanghai/11/87-like and A/Guizhou/54/89-like viruses (two each), both H3N2 strains. These viruses produced CPE, positive hemadsorption, and moderate levels of HA titers with chicken and guinea pig erythrocytes in the third through sixth passages. Most influenza virus type A and B strains did produce some early degeneration in the H292 monolayers, but this did not progress to full adaptation to the cells, and the viruses were not recoverable from sixth H292 passage into embryonated eggs or MDCK cells.
As a family, the Picornaviridae replicated well in H292 cells, producing typical enteroviral CPE of rounding and then shrinking with nuclear pycnosis and rapid total degeneration of the cell sheet (Fig. 1E) Growth of the CPE-producing viruses in H292 cells was very rapid from stored isolates. CPE was generally evident within the first 2 days and complete (4+) by day 4 or 5 and was easily compared with cell controls sham inoculated with uninfected cells (Fig. 1F) (3, 4) , was recently suggested as an alternative for MK cells for the isolation and propagation of the human paramyxoviruses (5) . This line was shown to be as effective as MK for recovering parainfluenzavirus types 1 to 3, 4A, and 4B and mumps virus directly from clinical specimens, for propagating these viruses to high titers for production of seed viruses and antigen stocks, and for routine use in experimental procedures involving the parainfluenzaviruses. During the course of these studies, we also investigated the virus spectrum of the H292 cells, because the broad virus spectrum exhibited by MK cells has long been a major feature of its utility in diagnostic virology laboratories.
We determined the spectrum both by retrospective sampling of stored virus isolates and by a prospective study of original specimens tested in three local virology laboratories.
The prospective study fully confirmed the results of the retrospective study and was important because it showed that the H292 cells could support the growth of low levels of virus directly from clinical materials as well as high levels of virus found in stored isolates. In both studies, every effort was made to ensure that passaging in the H292 cells was done strictly parallel to that in other cells, so that virus or antigen titers could be compared with titers expected in the preferred cell line and proof of viral replication could be unequivocably obtained.
Although All H292 cultures in this study utilized the trypsin medium in keeping with the original report of paramyxovirus growth in these cells (5) . Trypsin has been found useful and often required for many viruses in cell culture (1, 5, 6, 10, 17, 18) and has not been found detrimental to non-trypsin-requiring respiratory viruses in the low dose (1.5 ,ug/ml) used. In this study also, no deleterious effects of the trypsin were noted, an important consideration in a clinical laboratory which must seek any virus in its etiologic diagnosis. We also observed no ill effects of using roller rather than stationary cultures for those viruses not requiring rolling. In light of simplifying laboratory procedures, all H292 cultures of diagnostic specimens should be rolled just as MK cultures were.
Many cell lines have been found useful as substitutes for MK cells for specific viruses. For example, MA-104, RD, and HEp-2 cells can support the growth of many enteroviruses (1, 15) ; MDCK and LLC-MK2 support some influenza viruses (6, 17) ; Vero, A549, and avian heart cells support selected parainfluenzaviruses (14, 16, (20) (21) (22) ; HMV-II human malignant melanoma cells support influenza virus type C and parainfluenzavirus types 1 to 3 (18) ; and CaCo2 human colon carcinoma cells support a variety of adenovirus, enterovirus, HSV, and paramyxovirus strains (19) . NCI-H292 is not only added to this list but is also of proven effectiveness in recovering a large variety of respiratory and other viruses from clinical materials. 
